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Environmental tobacco smoke exposure and ischaemic 
heart disease: an evaluation of the evidence 

M R Law, J R Morris, N J WaJd 


Abstract 

Objectives:,To estimate the risk of ischaemic heart 
disease caused by exposure to environmentai tobacco 
smoke and to explain why the assoaated excess risk is 
almost half that of smoking 20 cigarettes per day 
when the exposure is only about 1% that of smoking. 
Design; Meta-analysis of all 19 acceptable published 
studies of risk of ischaemic heart disease in lifelong 
non-smokers who live with a smoker and in those 
who live with anon-smoker, five large prospective 
studies of smoking and ischaemic heart disease, and 
studies of platelet aggregation and studies of diet 
according to exposure to tobacco smoke. 

Results; The reiauve risk of ischaemic heart disease 
associated with exposure to environinental tobacco 
smoke was 1.30 (95% confidence intert'al 1.22 to 1.38) 
at age 6 5. At the same age the estimated relative risk 
associated with smoking one cigarette per day was 
similar (1.39 (1.18 to 1.64)), while for 20 per day it was 
1.78 (1.31 to 2.44). Two separate analyses indicated 
that non-smokers who live with smokers eat a diet 
that places them at a 6% higher risk of ischaemic 
heart disease, so the direct effect of environmental 
tobacco smoke is to increase risk by 23% (14% to 
33%), since 1,30/1.06 = 1.23. Flaielei aggregation 
provides a plausible and quantitatively consistent 
mechanism for the low dose effect The increase in 
platelet aggregation produced experimentally by 
exposure to environmental tobacco smoke would be 
expected to have acute effects increasing the risk of 
ischaemic heart disease by 34%. 

Conclusion: Breathing other people's smoke is an 
unpertant and avoidable cause of ischaemic heart 
disease, increasing a person's risk by a quarter. 


Introduction 

Epidemiological studies have shown that the risk of 
ischaermc heart disease is about 30% greater m 
non-smokers who live with smokers than in those who 
do nOL''® It seems implausible that the effect of 
environmental exposure to tobacco smoke should be 
so large when the excess risk associated with smoking 
20 cigarettes per day is only about 80Vo at age 63 
('die average age of ischaemic heart disease events in 
the studies).'^*' Environmental exposure to tobacco 
smoke is oniy about 1% that of smoking'^’’k the risk is 


nearly half. In this paper we examine the possible 
explanations for this surprisingly large association. 


Metliods 

We carried out five sets of analyses using published 
data. Firstly, we conducted a meta-^aiysis of the stud¬ 
ies of exposure to environmental tobacco smoke (or 
passive smoking) and ischaemic heart disease.'*'’’ We 
idenuffec relevant smdies through Medline (MeSH 
terms: smoiang, tobacco smoke pollution), by scanning 
the reference lists of each study and of review arddes, 
and by discussion ivith colleagues. AU the studies used 
spouse's smoking as an objective measure of exposure 
to environmental tobacco smoke (non-smokers who 
live with smokers have greater exposure both inside 
and outside the home” ”). We' extracted data on 
non-fatal infaicdon or death from ischaemic heart dis¬ 
ease ir. never smokers according to whether their 
spouses currendy smoked or had never smoked, 
excluding data on ex-smoker spouses where possible. 
We calculated the average of the relative risk estimates, 
adjusted for age and sex, of the studies, each weighted 
bv the inverse of its i-ariance (as there was no heteroge¬ 
neity). For reasons given belovv' in the discussion, we 
excluded two studies reported together.” ” 

Secondly, to determine the risk of ischaemic heart 
disease associated ivith smoking at tow doses, we 
analvsed the dose-response relation between smoking 
and ischaemic heart disease from five cohort studies of 
men recruited during the 19505 (selected because of 
their large size).*"” We analysed the five studies 
separately. In each the smokers had been divided into 
three or four categories according to the number of 
cigarettes smoked. 'We fitted logistic regression lines, in 
10 vear age groups, of the risk of ischaemic heart 
disease (relative to non-smokers) on the adjusted aver¬ 
age number of cigarettes smoked per day in each 
smoking category. The number of cigarettes was 
adjusted as described preidously,’* using data on 
biochemical markers of tobacco smoke intake to allow 
for the fact that heavier smokers inhale less from each 
cigarette on average. From each regression line we 
determined the risk of ischaemic- heart disease 
associated with smoking one cigarette per day by linear 
extrapolation. 'Wt then calculated the average of the 
five estimates, weighted (since there was no heteroge- 
neitiO by the inverse of variance. 
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Thirdly, we used the same cohori studies to 
determine how much of the excess risk of ischaemic 
heart disease is reversible many years after stopping 
smoking, as an indirect estimate of the extent of 
confounding. 

Fourthly, because people exposed to environmen¬ 
tal tobacco smoke eat less fruit and vegetables and this 
is associated with an increased risk of ischaemic heart 
disease, so confounding will arise,’’' * we analysed pub¬ 
lished data to estimate the extent of confounding, We 
used published estimates of the increase in risk of 
ischaemic heart disease associated with a deaease of 
one standard deviation (ED) in consumption of boiit, 
vegetables, and antioxidant vitamins as markers of fi-uit 
and vegetable consumption.’' We identified studies that 
measured dietary intake of these nutrients (using 
weighed dietary inventory or 21 hour recall or food 
frequency questionnaires with quanbubve estimates of 
portion size)”'” in smokers and non-smokers and in 
non-smokers who lived with smokers and did not 
(additional MeSH terms: fruit, vegetables, carotene, 
nutrition surveys, diet surv'eys, diet records, food 
habits). We calculated the diS'erences as a proportion 
of the 3D in each study. Thus we estimated the excess 
risk of ischaemic heart disease attributable to 
differences in consumption of the nutrients in each 
snidy, VVe also examined the relation between smoking 
and other risk factors for ischaemic heart disease. 

Fmall), because of the proposal dial platelet aggre¬ 
gation may account for the large effect of exposure to 
environmental tobacco smoke on risk of ischaemic 
hear; disease,' we analysed published data ladditional 
MeSH term: platelet aggregation). We fitted a logistic 
regression line to the data on risk of ischaemic heart 
disease according to platelet aggregation® and 
estimated the increase in risk of ischaetnic heart 
disease for a I SD increase in platelet aggregation. We 
determined the effects of smoking and of exposure to 
environmental tobacco shaoke on platelet aggregation 
(expressed in SDs) from published experimental 
studies*'"" and calculated the average increase, weight¬ 
ing by the number of subjects in each study. From these 
data we estimated tine immediate increase in risk of 
ischaemic heart disease attributable to smoking and 
exposure to environmental tobacco smoke. did not 
use cross sectional studies of plamlet aggregation in 
smokers and non-smokers because they are insensi¬ 
tive**; the effects of smoking are short term** and may 



Stiiiifs 

Fig 1 Repiivs rtsK fstiraates (witn 95% confidsnes imewsis), 
adjusted lor age and sex, from nme prospective studies (solid 
circles) and ID case-control studies (open circles) comparing 
iscdaemic heart disease in jijeiong norr-smoKers whose spouse 
currenlty smoked with tnose wnose spouse had neve.- smoked (1G 
punlisheo studies {from istt io ris.ht"'") and three whh results cited 
by others irom abstracts or theses’") 


not be apparent in smokers who had not smoked for a 
few hours before blood was collected 

Results 

Risk of ischaemic heart disease at low exposure to 
tobacco smoke 

Risk in 7um-smokps mho live ivUh smokers 
Figure 1 shows the results of the 19 studies as the risk 
of ischaemic heart disease in never smokers whose 
spouses currently smoked relative to the risk in those 
whose spouses had never smoked (detail of design of 
the studies has been summarised previously' 
There were 6600 ischaemic heart disease events in 
total. There was no significant heterogeneity (xL = 26), 
and figure 1 shows that the estimates from the 
individual studies are consistent with each other. The 
summary estimate of relative risk was 1.S0 {95% confi¬ 
dence interval 1.22 tol38; P<0.001), similar to the 
estimates from earlier meta-analvses with fewer 
studies."’ Summar;' esamates were similar in women 
and men in cohort studies (in which almost all ischae¬ 
mic heart disease events were deaths) and case-control 
studies (in which most events were non-fatal infarcts) 
and with or without inclusion of three unpublished 
studies. 

It has been proposed that publication bias accounts 
for the association." The number of unpublished stud- 
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ies would need to be implausibly large. As a simple 
approximation, eight of the 19 individual smdies (fig 1) 
were significantly positive (a probability for each of less 
than 1 in 40 if there were no assodadon). The total 
number of studies needed to generate these by chance 
w'Ould be more than 320 (8 x 40), of which only 19 were 
published Exclusion from the analysis of all studies 
recording fewer than 100 events (as selecdve 
publication is more likely to affect small studies) made 
no difference to the relative risk estimate. 


TaOle 1 Estimated risk {95% txjtifidenoe Interval) of ischaemic heart disease relative to 
inat in unexposed never smokers, from environmental exposure to tooacco smoke (see 
fig 1) and from actively smoking one cigarette per day (see fig 2) 


Agi 3t lieslli 
(yaant) 


Cnvintntnanlal 

Bipotare 


Active smoking 


\ cl^anttQ p«r day 


ZQ cigareUes per day 


45 

- 

1.93 (Q,99 to 3.781 

4.45 (1.21 W 16,42] 

S5 

— 

1.W fO.So to 2.31] 

3.07 (1.06 to s.sb; 

E5 

1-30 (1i2 to 1-38) 

1.39 [1.18 to 1.84) 

I7ff (1.31 to 2.44) 

75 

- 

1.15 [0.83 to 1.60] 

1.3A [0,72 tg 2.51) 


Riik of smoking one cigarette per day 
Figure 2 shows the dose-response relation in each of 
the five studies of smoking and ischaemic heart disease 
(age ECandardised to age 65). The risk of ischaemic 
heart disease increases condnuousiy with daily 
cigarette consumption, but in all five studies linear 
extrapolation of the regression line back to aero dose 
(no cigarettes per day) does not yield the expected 
relative risk estimate of I.O. The estimates from the five 
individual studies of the risk at low dose are consistent 
with eatdi other, and the weighted average relative risk 
at one cigarette per day (defining risk in non-smokers 
as I.O) w-as 1.39 (1.18 to 1.64; P<0.001}. At 20 
cigarettes per day this risk was 1.78. 

Table I shows the relative risk of ischaemic heart 
disease associated with smoking one dgarene per day 
according to age, from the five cohort studies. The esti¬ 
mates decline with increasing age at death (P < 0.001). 
The average age of ischaemic heart disease events in 
the studies of exposure to environmental tobacco 
smoke was about 65 years and the estimate of 1.39 is 
close to the estimate of 1.30 firom these studies. With a 
Linear dose-response relation the expected excess risk 
from smoking one cigarette per day is 4% (l/20di the 
excess risk of 78% from smoking 20 cigarettes per day); 
with environmema] exposure it is 0.8% (1% of 78%). A 
high risk at low dose is therefore seen in the studies of 
smoking (39% excess risk i< 4% expected) and in suid- 
ies of environmental exposure (30% u 0.8%). 

How much of the association is due to confounding 
by diet.!' 

Direct estimate 

The diet of smokers and of non-smokers who live with 
them differs from that of non-smokers who live with 
non-smokers. This dietary difference, rather than the 
exposure itself, may account for the high risk of ischae¬ 
mic heart disease.’* “ Tne roost pronounced difference 
is a lower consumption of fruit and vegeta¬ 
bles,'* which contain nutrients that may 

protect against ischaemic heart disease, including folic 


add,*” potassium, and llnoleic acid." These were not 
measured as potential confounding factors in studies 
of passive smoking and ischaemic heart disease. Fruit, 
vegetables, carotenes, vitamin C, and vitamin E are 
highly correlated with each other, and the regression 
analyses for each nutrient were no: adjusted for these 
correlations, so each nutrient win serve as a marker for 
the risk of ischaemic heart disease assodated with fruit 
and vegetable consumption in general, even though P 
carotene and vitamin E do not themselves reduce 
mortality from ischaemic heart disease." " ** Table 2 
shows summary estimates from cohort studies of the 
relative risk of ischaemic heart disease assodated with 
a difference of 1 SD in consumption of all fruip all veg¬ 
etables, carotenes, vitamin C. and vitamin E as markers 
of fruit and vegetable consumption. 

Almost all studies showed a lower consumption of 
these nutrients in active smokers than non-smokers, 
but the differences were heterogeneous across smdies 
(which Is not surprising since fruit and vegetable 
consumption varies in different communities and 
different seasons, so the difference between smokers 
and non-smokers is likely to vary). Table 2 shows, from 
all studies reporting on each nutrient, the median dif¬ 
ference and the largest difference. The estimates of the 
excess risk of ischaemic heart disease corresponding to 
the median estimates of the dietary' difference in no 
case exceed S% (suggesting that diet explains only a 
3% excess risk of ischaemic heart disease in smokers); 
the largest estimates (based on the largest estimate of 
the dietary difference from any study and the upper 
confidence limits of the estimates of the assodadon 
between the nutrients and ischaemic heart disease) do 
not exceed 9Vo. 

The difference between smokers and non-smokers 
in plasma low density lipoprotein cholesterol is 
Small—an estimated 0.07 mmol/1,” corresponding to 
an excess risk of ischaemic heart disease (at age 65) of 
about 3%.” The overall excess risk of ischaemic heart 
disease attributable to dietary differences in smokers 
(fruit and vegetables and serum cholesterol) is thus 
about D%. Blood pressure is no greater in smokers than 


TaBis 2 Estimafrs ol increasftd risk of ischaemic heart disease in smokers relative to non-smokers, attribuiable to lower cnnsumption 
o( fruit and vegetables 


Marker ot 

dsnsunptfDR al frurt 
and vagetatilK 

Rajatiwa risk of iscftaamtc 
fiearl disssse far decrease in 
cdfisi/mpUon ol 1 50*’ 

Difference In eons 

No Of studies 

utnptian (smokers minus non-smokers] 

Difrerenoe {prooortian of 1 SDI 

Eslimats of relafiye lisle ol 
ischaemic heart disease 

Median’ 

Latgesi 

Megjan 

Largest! 

AH iftjjt 

1.1B (1.02 tc 1.311 

51 58 5T 

•^,22 

-a.33 

1.03 

1.09 

All vegetables 

i.2S [1.0& 10 1.4Q) 

048 48 Si U 53 57 

-0.12 

-0,25 

1.03 

1.05 

Carotenes 

VQ6 (l.aSlc 1.11) 


-0.22 

-0.34 

1.G1 

1.04 

Vitamin C 

1.06 (1.00 to 1.09) 


-0.24 


1.01 

1,04 

Vi'Iflmln : 

1.05 [1.02 Ic 1.10) 


-0.12 

-0.27 

1.01 

1.03 


'Median dlfferanMs cDrrssDOnd Jo Mnsumptiou lower by ' 20 - 15 % ifi smcxers tnarr nor^-imoKsrs. 

tBased on upoer confidenvS limit of relative risk estimate and largest differense ostween srrokers arc norr-sinowrs. 
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Table 3 Risk of death from ischaemic heart disease in men wno 
had stopped smoking for 20 Or more years, relative to that in 
men who had never srttoked 

fio Of dosihr Irom 
teelia.a.lir heart ej»»e 

Study Dbservsd Expe^fid* (9S% Cl) 


US Veierans^ 

2418 

2303 

1.D5 <i.0! to 1.09) 

America^ Cancer Society, 

25 Slates® 

150 

141 

1.06 (0.90 to 1.25) 

Britisrt doctors^*" 

3oa 

174 

1.15 {1.001c1.32i 

Ai' Studies 

2768 

2616 

u06 (t.Q2 to 1.101 


‘From r^tes in never smok^ri, aoe adjusted. 
t15 or more years. 


non-srnokers (and body Jtiass index is less); these and 
other risk factors for ischaernic heart disease have a 
negligible effect on Che relation between smoking and 
ischaemic heart disease.” 

For exposure to environmenal tobacco smoke the 
median difference in fruit and vegetable consumption 
benveen non-smokers who do and do not live with 
smokers, based on all available studies (2-3 for each 
marker), was 0.10 SD for fruit” ” 0.06 for vegeta¬ 
bles,” 0.26 for carotenes,” and O.lS for vitamin 
C.*' These are generally .smaller than the median 
estimates for smokers (table 2). Ihe corresponding 
estimates of the excess risk of ischaeimc heart disease 
are i-2'’/o. 

Tne differences in serum cholesterol," blood 
pressure," ” “ and body mass inde>;" '■ " ’’ in never 

smokers according to whether or not the spouse 
smoked were imperceptibie (as expected since the dif¬ 
ferences between active smokers and non-smokers are 
so small). Combining the differences showed no 
sigrtidcant difference, with upper confidence limits 
mconsistent with a serum cholesterol more than Sic 
higher, blood pressure more than 4% higher, and body 
mass index more than 6% higher. Estimates of the 
relative risk of ischaemic heart isease unat^usted and 
adjusted for blood pressure, serum cholesterol, body 
mass index, and a measure of soda! class (published in 
six epidemiological studies*’'” ®’*) were similar; the 
weighted average of the adjusted estimates, 1.57 (1.00 
to 2.13), was no lower than that of the unadjusted esti¬ 
mates, 1.47 (1.00 to 2.19). 

Indired esUmats 

Three of the five smoking cohort studies dted above 
followed the men for 20 or more years. Almost all the 
excess risk reversed (table 3); the residual excess risk 
was 6% (2% to 10%). This sets an upper limit to any 
effect of confounding that is similar to our direct 
estimate of confounding. 


Table 4 Estiitiatss oi the extern ol contouafling anS o' tfis cause anP effect relation in 
the associations oi oassive and active smoking with ischae/rilc heart disease at age 6o 



Ftelallve rtsic ot tschdentic heart disease {95% Cl) 



Actitre srnoking 

Nature of as$ocial'ron 

Passive pmoklnfl 

1 Eisiarotte oar day 

28 eigarefifts par day 

OvsraSI flrojn fips i aio 2)" 

1.30ft.22 10 1.38) 

1.39 {MB to 1.64) 

1.78 {1.31 to 2.44) 

conloundinp* 

LOB (1.D2 10 1.10) 

1.06 (1.02 10 1.10) 

1.05 {" 1.02 to 1 . 10 ) 

cause. anC effect 

1.23t (M-i ic -i.sai 

1.3lt {1.11 to 1.55j 

l.SSt (1.23 to 2.33) 


* cSticnaies of fht overat association in passive and aclivs smoke,-s, and of !pe exla.i! of confounding, all 
appfy to en average aje ai death of BS yea's. 

(1.30/1.06=1.23; f,S&n. 05 = 1 . 31 : trB-'l. 05=1.68, Confidence tniervels lake tnose of Me "Dverair and 
■'tontOLindint" relative rrsn estimaJes i.nto eccou'fl'; variances fin iogarShmsi were aflded. 


People who gave up smoking in recent years also 
changed their diet-” “ We based our analysis on older 
studies, in which the former smokers would have given 
up before 1955, when dietary change was not widely 
advocated on health grounds (indeed, consumption of 
saairated fat increased in the United States between 
1945 and 1955’'^). Sigiiificam dietary change in these 
studies is unlikely but even the recent data on dietary 
change after stopping smoking" " would increase the 
estimate of 6% to no more than 12%, similar to the 
direct estimate of the largest rffecL 


Size of the causal association 

Confounding due to dietary differences accounts for a 
relative risk estimated as 1-06 in smokers. Of the over¬ 
all relative risk of ischaemic heart disease associated 
with environmental exposure to tobacco smoke of 
1.30, the estimated relative risk for the causal relation is 
therefore 1.23 (1.30/1.06). It wifi in fact be a little 
higher since dietary confounding is less than in smok¬ 
ers, Even when based on the largest estimate of 
confounding in smokers it is 1.16 (1.30/1.12). For 
smoking one cigarette per day the overail relative risk is 
1.39 and the essmate of the causal relation is 1.31 
(139/1.06). Tabie 4 summarises the estimates. 


Mechanism of efifect; platelet aggregation 
Figure 3 shows the risk of ischaemic hsan disease in a 
cohort of 2398 men (162 of whom had had a myocar- 
dial infarction) divided into five groups according to 
ranked measures of piatelei aggregation (from the 
Caetphilly collaborative heart disease study*"). Tne 
association is linear. The estimate from the logistic 
regression line fitted to the data was that an increase in 
platelet aggregation of 1 SD (from any point on the 
distribution) is associated with a relative risk of ischae¬ 
mic heart disease of 1.33 (1.19 to 1.48; P< 0.001), 

Thble 5 summarises the experimental studies on 
smoking and platelet aggregation (from three different 
research groups).""® The effects of smoking and 
environmental exposure are similar. The effea of 
smoking "was similar in non-smokers who smoked on 
the one occasion (for experimental purposes)'*"" and 
in habitual smokers abstinent for 8-10 hours.**^' From 
the relation between platelet aggregation and ischae¬ 
mic heart disease estimated aboi'e, the inunediate 
increase in the risk of ischaemic heart disease attribut¬ 
able to effects on platelet aggregation is estimated to be 
4S% for smoking and 34% for environmental exposure 
(table 5). These estimates of the immediate effect are, as 
expected, a little higher than those of the long term 
effect of intermittent exposure over the day in table 4. 

The actions of smoking on other hetors that 
increase risk of ischaemic heart disease are likely to 
increase conttnuously with dose such that the effea of 
exposure to environmental tobacco smoke is imper¬ 
ceptible. Thus plasma fibrinogen concentration is 
higher in active smokers but not detectably greater in 
non-smokers who live with smokers chan in those who 
do not (the 95% confidence limits from combining 
tiiree studies" ” '* were 4% lower and 4% higher). The 
effects on high density lipoprotein cholesterol*' ** and 
car'Doxyhacmoglobin'''“'are also imperceptible. The 
more gradual increase in the excess risk from 39% 
smoking one dgarene per day to 78% at 20 per day (at 
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Platelet isgregation ISOs from ilte wean; 
Fis 3 Risk {35% conftdencs interval) of ischaemic heart rfiseass 
relative te lowest group aOvOriling to measuremsnts nf platelet 
apprepation (induced by ADP), expressed as SDs from the mean, 
with fitted regression line (datt-from Eiwood et al") 


age 65) is attnbutable ro these and other rton-plateiet 
factors. 

Discussion 

Evidence For a large effect from a small exposure 
Environmenrai exposure to tobacco smoke is associ¬ 
ated vhch an excess risk of ischaemic heart disease of 
30% and is estimated to cause an excess risk of 23% 
(95% confidence intcrv^ 14% to 33%), increasing the 
risk of death from ischaemic heart disease between the 
ages of 60 and 69 in British men who do not smoke 
from about 5% to 6%. So large an effect from a 
relatively small exposure, though unlikely on first 

impression, is supported by a great deal of evidence. 

The association cannot be explained by bias in the 
studies of environmental exposure to tobacco smoke. 
Pubiication bias can be rejected, as discussed above, 
Misdassification bias arises because some people who 
daim never to have smoked are former or current 
smokers; they are at greater risk of ischaemic heart dis¬ 
ease and more iikeiy to have spouses who smoke. This 
bias has been found to be of minor importance in 
studies oflung cancer'", it will be negligible in studies of 
ischaemic heart disease because the relative risk of 
ischaemic heart disease in smokers is so much smaller 
than that oflung cancer (about 2 compared to 20). 

The cohort studies of smokers also show a substan¬ 
tial risk at low dose (table 1). 

Studies directly measuring the extent of atheroma¬ 
tous disease in arteries have confirmed a siraUar effect 
in smokers and in non-smokers exposed to environ¬ 


mental tobacco smoke, and a smaller effect in 
unexposed non-smokers,” 

The assodarion cannot be explained by confound¬ 
ing. If all the excess risk of ischaemic heart disease in 
non-smokers who live with smokers compared with 
those who live with non-sraokers were to be explained 
by their dietary differences, about half the excess risk in 
smokers would also have to be attributable to 
differences in diet The excess risk largely reverses on 
stopping smoking, indicating that this is not the case. 
The estimate of the extent of confounding as the 
excess risk that is not reversed many years after 
stopping smoking (6%) corroborates the estimate of 
the excess risk to be expected from the dietary 
differences. 

The effect of tobacco smoke on platelet aggrega¬ 
tion provides a plausible mechanism for the low dose 
effect. The immediate effect of a single environiaental 
exposure is to increase nsk by an estimated 34% (table 
5). Thu will be an underestimate because of regression 
dilution bias (which could not be allowed for because 
repeat measures were not available), but will also tend 
to be an overestimate because it does not reflect typical 
intermittent exposure to environmental tobacco 
smoke over the day, which will be somewhat less. One 
hour after a single exposure the effect on platelet 
aggregation is attenuated by about half.” so the likely 
effect of intermittent exposure throughout the day 
could be consistent with our estimate of a 23% increase 
in risk. Simple corroboration is provided by the obser- 
vadon fiiat aspirin abolishes the effect of tobacco 
smoke on platelet aggregation'’ ® and reduces the risk 
of ischaemic heart disease by about 25%.*‘ The experi¬ 
mental evidence of a similar effect of smoking and 
environmental exposure on platelet aggregation is 
corroborated by smdies showing that the generation of 
thromboxane A, from aiachidonic add (which leads to 
platelet aggregation) was also similar." A small dose of 
an agonist seems to have a maximal effea on platelet 
aggregadon.” 

A meta-analysis of the studies of occupational 
exposure to environmental tobacco smoke exposure 
indicated a disproporrionately large effect: relative risk 
1.36 (1.08 to l.'/l).’* The occupadonal studies lack the 
susceptibility to confounding because non-smokers 
who work with smokers svill not share their diet. 

In animal experiments, eight smdies on four 
species (involving exposure to the smoke from 
simultaneous combustion of between one and 10 ciga¬ 
rettes, generally for 4-6 hours per day over 6-IS weeks) 
all showed pronomiced vascular toxicity of the 


Table 5 Results o1 experiments ol exposure to tobacco smoke and platelet aggregation ano trie associated immediate increase in risk 
of ischaemic heart disease 


Chan9B In platelet aD9rep3l{on ralro atl^r 


Exposure 

Absolute 

No of standarif deviations 

Aasaclated retativa ncK of {s&flsetnic near: 
disaasd 

Urtexoosed oomrol oerloc fnon-smoxers. n=io*') 

D 

e 

1.00 

crvironmental tobacco smoke(20 minutes, 

D.09* 

1.03 

1.34 (1.19 JO 1.50)* 

Acpve smoking: smolfing one^ or cigarettes 

(average Of 8 studies, MSSI 

a.11- 

1.25 

1.43 (1.24 to 1.53)' 

•p=so.ooi. 


tAbsOlUJP Wange is estimaTe of the ;)ruportion of all circulatinj piatelals that were inccrooratec into spQregaias as a result ci We ejfposure platelet agcreqaiion 
r2tios were on average P.83 befere and 0.7Z after active smoking. 

irren the associsn'on peiween piatefet aggregatior ano igchagin'C nearl oisease shewn ir> (iQvr? 3. 
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exposure."'*"'' "nre size of resulting infarci after 
experimenlaJ ocdusion of z coronan' artery was 
50-100% greater'”'’ and arteiial atheromatous disease 
was about twice as extensive’*''*' in exposed animals 
than in unexposed controls. 

Evidence against a lai^e effect at low dose 
Pipe and dgar smokers have a low risk of ischaemic 
heart disease (the risk relative to non-smokers was esti¬ 
mated as 1.13 for pipe smokers, 1.30 for dgar smokers, 
and 1.75 for dgarette smokers**). Pipe and dgar smok¬ 
ers tend not to inhale when smoking and because of 
characteristics of the smoke can absorb nicotine 
through the mouth,** but they must inhale their own 
environmental tobacco smoke in the same way that 
non-smokers inhale other people's smoke. Tneir low 
risk might at first sight weigh agamst die view that 
inhaling environmental tobacco smoke poses a 
material risk of ischaernjc heart disease. However, men 
who smoke only pipes or dgars smoke much less 
frequently than cigarette smokers. In a study of 21 520 
men, 2618 current pipe or dgar smokers smoked on 
average three times a day whereas 4184 dgarette 
smokers smoked on average 20 times a day.** 'The dif¬ 
ference in this frequency, in view of the short term 
nature of the effect on platelet aggregation (half life 
less than an hour*’), may well reconcile the observa- 
dons of passive smokers and die risk of ischaemic 
heart disease among pipe smo'aers. 


Exduikd studies 

A separate analysis of one of the studies of 
envirorOTtenta) tobacco smoke exposure and ischaemic 
heart disease in the set of 19 studies (fig 1), and of two 
data sets not published elsewhere (fi’om the US 
National Center for Health Statistics and the .'Vmerican 
Cancer Sodety) has been pu'olished by Layard and 
Le'Vois, consultants to the tobacco industr;'.** “ They 
reported a com'oined relative risk estimate from the 
three studies of 1.00, with a narrow 95% confidence 
interval ;(0.97 to 1.04).“ 'This negative result is 
statistically inconsistent with the estimate of 1.30 (1.22 
to 1.38) from the above analysis of 19 studies 
(P< 0.001). The difference is too great for the two 
groups of studies to be combined as separate valid esti¬ 
mates; one must be flawed. 'We tooit the estimate from 
the 19 studies as valid and rejected that of Layard and 
LeVois, since there is no reason to reject ah analysis 
based on 19 independent studies in favour of one from 
a single group vdth a vested interest 

Direct evidence supports this decision. Firstly, in 
one of the three studies the reiahve risk estimate (men 
and women combined) of X^vard and LeVois of 0,98 
(0.90 to 1,07)“ was inconsistent with that from an mde- 
pendent analysis of the same data commissioned 'by 
the American Cancer Sodety (the owners of the data) 
of 1.21 (1.06 to 1.38).*’' Secondly, even in the absence of 
a causal effect, the combined estimate of 1.00 is incon¬ 
sistent with ant’ confounding from the dietary 
differences. Thirdly, the result is inconsistent with the 
data on low dose active smoking, die evidence on 
platelet aggregation, the animal studies and the other 
evidence summarised above. 


Key messages 


• Analysis of 19 epidemiological studies shows 
that people who have never smoked have an 
estimated 30% greater risk of ischaemic heart 
disease if they live with a smoker {P < 0.001) 

• This is surprisingly large—almost half the risk of 
smoking 20 cigarettes per day even though the 
exposure is only 1% of that of a smoker 

• The excess risk ifrom smoking one cigarette per 
day is 39%—siinilar co the risk in a non-smoker 
living with a smoker 

• The effect is mainly explsuned by a non-Linear 
dose^response relation between expsoure to 
tobacco smoke and risk of heart disease 

• Detailed analysis shows no signincant bias; 
dietary confounding can account for an excess 
risk of only 6%, so revising the excess risk from 
30% to 23% 


Conclusions 

We believe that there is no satisfaccory aitemarive 
interprecanon of the evidence reviewed here than that 
environmental exposure to tobacco smoke causes an 
increase in risk of ischaemic heart disease of Lhe order 
of 25%. In proportionate terms this is of similar 
magnitude co the effects of exposure to environmental 
tobacco smoke on lung cancer,*^ but the number of 
excess deaths jfrom heart disease wiU be far greater 
because heart disease is so much more common than 
lung cancer in non-smokers. Reversal of the effect 
would reduce the risk of ischaemic heart disease by 
about as much as taking aspirin, or by what many peo¬ 
ple could achieve through ^etary change. The effect of 
environmental tobacco smoke is not trivial, as is often 
thoughL It IS a serious enviromnentai hazard, and one 
that is easily avoided. The evidence on ischaemic heart 
disease w^airants further action in preventing smoking 
in public buildings and enclosed working environ¬ 
ments. The hazard in the home requires greater public 
education so that smokers recognise the risk to which 
they expose members of their family. It is also 
important that clinicians advise that famiHes of padents 
with known coronar}' artery disease do not smoke in 
their presence. 
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Abstract 

Objective: To estimate the risk of lung cancer in 
lifelong non-smokers exposed to environmental 
tobacco Smoke. 

Design: Analysis of 37 publisiied epidemiological 
smdres of the risk of lung cancer (4626 cases) in 
non-smokers who did and did not live with a smoker. 
The risk estimate was compared witlj that from linear 
extrapolation of the risk in smokers using seven 
studies of biochemical markers of tobacco smoke 
intake. 

Main outcome measure: Relative risk of lung cancer 
in lifelong non-smokers according to whether the 
spouse currently smoked or had never smoked. 
Results; The excess risk of lung cancer was 24% (93% 
confidence interval 13% to 36%) in non-smokers who 
lived with a smoker (P < 0.001). Adjustment for the 
effects of bias (positive and negative) and dietary 
confounding had little overall effect; the adjusted 
excess risk was 26% (7% to 47%), The dose-response 
relation of the risk of lung cancer with both the 
number of dgareaes smoked by the spouse and the 
duration of exposure was significant The excess risk 
derived by linear exnapoladon from that in smoke.'s 
was 19%, similar to the direct estimate of 26%. 
Conclusion: The epidemiological and biochemical 
evidence on exposure to environmental tobacco 
smoke, with the supporting evidence of tobacco 
specific carcinogens in the blood and urine of 
non-smokers exposed to environmental tobacco 
smoke, prorides compelling confirmation that 
breathing other people’s tobacco smoke is a cause of 
lung cancer. 


Introduction 

Ten years ago scientific committees and national 
organisations concluded that exposure to environmen¬ 
tal tobacco smoke (also called passive smoking) is a 
cause of lung cancer.'"' Substantia] addidonal evidence 
has since been published, and we report a new analysis. 
The addidonal data permit a more precise esrimate of 
the size of the assodadon, with a further assessment of 
whether it is cause and effect by seeldng a dose- 
response relation and examinmg whether sources of 
bias and confounding could account for the assod- 
anon. We also compared the direa estimate of risk 
from epidemiological studies with that from a low dose 
linear extrapolation of the risk in smokers using 
biochemical markers of exposure to tobacco smoke. 

As before,^ the estimate of effect was the relative 
risk of lung cancer in lifelong non-smokers according 
to whether the spouse currendy smoked or had never 
smoked. Spousal exposure is the best available 
measure: it is well defined and has been validated using 
biochemical markers'"' It reflects exposure in general 
because non-smokers who live with smokers tend to be 
more exposed to tobacco smoke from other sources, 
because they are more likely to mix socially with sraok- 
ers.‘ Workplace exposure varies considerably and is 
difficult to measure. 


Methods 

Direct estimate of risk of lung cancer from 
epidemiological studies 

Studies of environmental tobacco smoke and lung 
cancer were idencined from Medline, the dtatiotis "ui 
each study, and consultadon with colleagues. We 
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